Introduction. Post-operative pain control improves surgical outcome and many hospitals created multidisciplinary teams, called "Acute Pain Services" (APS). We collected APS data on 10,760 adult patients over a five year period, including complications, side effects and patient satisfaction.
Efficacy and Safety of an
Results. Patient controlled analgesia with morphine was used in 4,992 surgical patients while epidural analgesia was used in 3,687 surgical patients and 1,670 pregnant women for delivery analgesia. A total of 411 patients received other forms of analgesia. No epidural haematoma was observed. A single case of respiratory depression occurred in an elderly patient using the patient controlled analgesia system. Acetaminophen was the most frequently adjuvant drug prescribed. Postoperative nausea and vomiting was the most frequent analgesiarelated side effect. Visual Analogue Scale at rest and on movement was low on day one (0.84±1.15 and 2.05±1.67) and decreased thereafter with epidural analgesia associated with better pain control following hip and liver surgery, and with less postoperative nausea and vomiting (5.0%) when compared to morphine patient controlled analgesia (7.2%).
Conclusions. An APS, with daily postoperative visits, permits adequate post-operative pain control without serious adverse events. Epidural analgesia was associated with less postoperative nausea and vomiting and had at least similar pain control than morphine patient controlled analgesia.
INTRODUCTION
The importance of adequate postoperative pain control is widely accepted and its beneficial effects supported by several randomized studies and meta-analyses.
(1-4) Pain has to be considered as other vital parameters (e.g. blood pressure, heart rate, breathing and respiratory rate, and diuresis) and has to be monitored at welldefined time intervals and quickly treated if necessary. The need to create a "hospital without pain" is connected to multiple reasons: first of all, pain is probably one of the most disturbing experiences and its treatment is a moral and ethical imperative; furthermore, a painless patient is able to breathe easier, cough efficiently and move sooner; as a direct consequence he/she is less subject to cardiovascular complications, pulmonary infections and thromboembolic events, and definitively presents a better postoperative outcome. (5) (6) (7) (8) Patient-controlled analgesia (PCA) and continuous epidural analgesia are associated with a reduction in postoperative morbidity in defined categories of patients and surgeries. (8) However, these specialized techniques can be associated with serious neurologic, cardiovascular and respiratory complications if used in general wards without particular precautions. (5, 9) Acute Pain Services (APS) have been instituted in many hospitals to achieve effectiveness and safety of postoperative pain management. A winning strategy is to create a multidisciplinary team involving surgeons, nurses and anesthetists, where the latter assume a leading role thanks to their specific skills. (7, 8, 10) The APS team usually defines protocols to prevent pain in different types of surgery, taking into account the characteristics of specific categories of patients (e.g. the elderly). Moreover the APS should establish organizing models with regular assessment of pain intensity, therapy efficacy, and complications defining how to prevent and treat them as soon as possible. In order to ensure appropriate management of acute postoperative pain, the APS has an important role in train-ing patients and the medical and nursing staff involved in perioperative care, and in performing audits and clinical research on the efficacy of existing and new methods of treatment. (8, 10) The aim of our study was to describe the 5-year activities of the APS of a large surgical center focusing on major and minor complications of epidural analgesia and intravenous opiates together with a comparison of postoperative pain management between these two strategies.
MATERIALS AND METHODS
With approval of the local Ethical Committee (San Raffaele Ethical Committee, protocol OSR 33, June 23rd 2014) and patients' written informed consent for the scientific management of their data we collected the 5 year activity data of the APS of San Raffaele Scientific Institute based in Milan, Italy. This is a 1,357 bed referral center (1) , with approximately 30,000 major procedures performed each year and with 90 anesthesiologists managing anaesthesia, intensive care, emergency department and APS. An anesthesia fellow is available 24 hour a day and seven days per week, dedicated to the management of postoperative pain and to the prevention and treatment of possible complications. A senior anesthetist can be contacted at every moment for any problem.
The choice of a specific pain management approach starts with a thorough preoperative evaluation that takes into account the characteristics of the single patient (e.g. previous surgery, pre-existing analgesic therapy, psychological attitude, drug allergies/intolerances, etc.) and the specific type of surgery. The anesthetist plays a leading role in a complex team, including surgeons and nurses, and coordinates all the personnel to promote a continuous path of education and improvement of the adopted protocols.
Epidural catheters are placed immediately before surgery while the patient is still awake.
All postoperative patients receive either acetaminophen 1 g or a non-steroidal antiinflammatory drug (NSAID) at fixed intervals with the possibility of receiving other agents as rescue therapy (table 1) . We collected data on patients undergoing major abdominal surgery (e.g. hepatic and gastric surgery, colo-rectal resection, laparoscopic and laparotomic esophagectomy), gynecological (e.g. myomectomy, hysterectomy), orthopedic (e.g. hip and knee replacement), neurosurgical and ear-throat-nose procedures. Due to different databases and organizational issues, we did not collect any data on cardiac surgery patients, only PCA data in vascular, thoracic and urologic operations, and only major complications and post-dural puncture headaches (PDPH) after delivery with epidural analgesia. Therefore, patients receiving epidural analgesia for delivery were excluded from the analysis.
Patients managed by APS included patients treated with epidural analgesia (with the exceptions described above), through the intravenous administration of morphine by on demand PCA systems or with perineural catheters (in selected orthopedic patients) with specific protocols detailed in table 1. Furthermore, APS also managed patients with inadequate control of pain even seven days after surgery, in which it was necessary to define a therapy regime to be continued at home.
All patients are visited at least once a day, for up to seven days after surgery or referral to APS (more than once in the case of recent APS modifications to pain therapy or if requested by ward staff or physicians) if still in the hospital.
The APS use the Visual Analogue Scale (VAS) at rest (VASr) and during movement (VASm) to standardize pain assessment at each visit and assess the presence of side effects and complications.
The APS is also responsible for the removal of epidural catheters and neurological surveillance in the first 6-8 hours after removal. Removal of the epidural catheter follows the same guidelines as for epidural catheter insertion: platelet count > 100×109/L; International Normalized Ratio < 1.3; no dual antiplatelet therapy; no antiplatelet drugs such as ticlopidine and clopidogrel; no anticoagulants; low molecular weight heparin suspended for at least 10-12 hours. (11) All the data collected are stored in an electronic database in order to allow quick and efficient communication between different anesthetists involved in pain care on different days and to ensure continuity of care.
We recorded age, sex, type of surgery, ASA score, prescribed therapy, analgesic technique used, daily VASr and VASm, side effects and adverse events: respiratory depression, epidural hematoma, postoperative nausea and vomiting (PONV), paresthesia, itching, hypotension and confusion.
We compared effectiveness of pain control in patients of different ages and in patients with an American Society of Anesthesiologists (ASA) physical status class (ASA score) of 1-2 versus > 2.
STATISTICAL ANALYSIS
Data were stored electronically and analyzed with SAS (release 9.2 by SAS Institute Inc. Cary, NC, USA) and STATA (StataCorp. 2013. Stata Statistical Software: Release 13. College Station, TX: StataCorp LP). Categorical variables are reported as frequencies (percent), whereas continuous variables are expressed as mean ± standard deviation or as median (interquartile range). As for categorical variables, Chisquared test was used to calculate p-values when two groups were compared, whereas one-way ANOVA was used in comparing more than two groups. A p-value <0.05 was considered statistically significant.
RESULTS
Over a five year period the APS followed 10,760 adult patients for a total of 24,240 visits. The 1,670 women receiving epidural analgesia for delivery had no epidural hematoma and 21 PDPH, and were excluded from analysis. The remaining 9,090 patients were 60±15 years old, equally divided between male and female, and 24.1% were ASA physical status class 3 (table 2).
The APS mainly visited patients admitted to the Division of General Surgery (5,703; 62.7%).
The overall number of patients receiving epidural analgesia alone was 3,687 (40.6%), while 4,992 patients (54.9%) received PCA alone. Combined epidural analgesia plus PCA was used in 58 (0.6%) patients.
In addition, APS followed orthopedic patients with perineural catheters (298 patients, 3.3%) and patients whose postoperative pain treatment was very difficult even if not requiring a PCA or an epidural infusion (55 patients, 0.6%) (figure 1, these last ones are classified in the figure as "other", including patients undergoing surgery associated with mild or moderate pain, but who presented with difficult pain control according to the standard protocol, requiring specific solutions, e.g. continuous infusion of tramadol or strong oral opiates such as oxycodone). Acetaminophen (4,971 patients, 54.7%), at fixed intervals, was the most frequently prescribed adjuvant drug.
Pain control was excellent on postoperative day 1 (VASr and VASm were 0.84±1.15 and 2.05±1.67 respectively) and decreased day after day. VASr on the 7th post-operative day was 0.581.01 (p<0.05, t=3.595, df=8482) and VASm was 1.561.65 (p<0.05, t=4.6710, df= 8471) (Supplementary table 1 in Supplementary appendix). The number of patients with VAS 0 was significantly (p<0.05) higher in the group of patients receiving epidural analgesia for orthopedic surgery on day 3 (79.8% vs 62.1% for VASr) and for hepatic surgery on day 1, day 2 and day 5 when compared to PCA. No epidural hematoma, epidural abscess or meningitis occurred in the patients receiving an epidural catheter and no permanent alteration in sensitive or motor functions was observed. One episode of respiratory depression occurred among patients managed with morphine PCA. This was due to a pump programming error in a 92 year old ASA 4 patient after an explorative laparotomy for intestinal occlusion. It was promptly treated with naloxone infusion and the patient did not require intensive care unit admission. No cardiac arrest was associated with analgesic protocols in the study period.
The number of patients experiencing analgesia-related side effects was 12.3% on the first postoperative day and rapidly decreased thereafter (figure 2).
The most frequently treated side effects on the first postoperative day were PONV (6.0%), paresthesia (3.7%), itching (1.4%), hypotension (0.5%) and confusion (0.2%). Epidural analgesia was associated with a significant (2=17.23, p<0.05) reduced incidence of PONV in the first postoperative day as compared with morphine PCA administration (5.0% vs 7.2%). Table 1 . Protocols adopted according to the intensity of pain.
Grade of pain
Pain management strategy adopted Mild pain (e.g. hysteroscopy) Acetaminophen 1 g x 3/4 iv or NSAID NSAID or acetaminophen 1 g as rescue.
Moderate pain (e.g. Cholecystectomy) Acetaminophen 1 g x 3/4 iv or NSAID. Weak opiates (e.g. tramadol). NSAID or acetaminophen 1 g as rescue.
Severe pain (e.g. gastrectomy, hepatic resection, etc.) Epidural catheter analgesia Data are expressed as number (%) or mean (standard deviations). APS, acute pain service; ASA, American Society of Anesthesiologists; NSAIDs, non-steroidal anti-inflammatory drugs; PCA, patientcontrolled analgesia; PNC, perineural catheter. PCA, patient-controlled analgesia.
The Visual Analogue Scale at rest and during movement was significantly lower in elderly patients compared with young patients on treatment day 1 and this difference persisted until day 5. In addition, older patients reported significantly lower incidence of PONV and paresthesia (Supplementary tables 2, 3 in Supplementary appendix).
We found that VASm was higher in patients with an ASA score >2 compared with patients with an ASA 1-2 on treatment days 1 to 4, while no difference was reported for VASr. However, patients with an ASA score 1-2 had a higher incidence of PONV, paresthesias and itching (Supplementary tables 4-7 in Supplementary appendix).
When analyzing the subgroups of patients receiving epidural analgesia or PCA alone, data confirmed that VASr and VASm were higher in youngest patients in the first treatment days. Incidence of PONV was significantly lower in older patients, both in the subgroups receiving epidural analgesia and PCA, while a significant difference in incidence of paresthesia was found only in the epidural subgroup (Supplementary tables 8-19 in Supplementary appendix).
DISCUSSION
We present one of the largest case series of APS ever reported, confirming that the use of epidural analgesia and intravenous PCA with morphine in surgical wards is effective and safe with no major complications and a reasonable number of minor side effects. This was the second largest single center experience ever reported in the medical literature describing both epidural and intravenous PCA analgesia technique.
Although the risk of related adverse effects initially limited the use these analgesic techniques outside "safe settings" such as intensive care units, studies and surveys have shown that continuous epidural and patient-controlled intravenous analgesia greatly improve postoperative pain relief with a low rate of complications. (5,9)
We also found a very low incidence of side effects, which were quickly detected and resolved without affecting the postoperative course. Unlike other studies, we did not observe any case of spinal hematoma. A possible explanation is that, in our hospital, epidural catheter placement and removal follows very strict criteria. Our data also showed that epidural analgesia provides slightly superior pain relief with less PONV when compared to intravenous opiates PCA. These results are consistent with the literature, and the lower incidence of PONV in our setting can be explained by the use of small doses of neuraxial opioids. (5, 9) An extensive literature review confirmed that our case series is one of the largest (5, 9, 12-14) ever reported on APS and the second largest single center case series comparing epidural and PCA analgesia. In table 3, we summarized the largest published studies on this topic and report the most commonly reported complications.
The reduced incidence of severe side effects observed in our study is in line with other excellent perioperative results (15) reported by our group in other settings and cannot be easily explained.
To ensure a "pain and risk free" postoperative course, close supervision of patients treated with these specialized pain relief methods by an APS is mandatory. The protocols and the organization we described in the methods allowed us to obtain such excellent results.
As previously reported in the literature, we found in our study that older patients had better pain control and a reduced incidence of side effects when compared to younger patients. (16) This might be due to the fact that elderly people frequently suffer from chronic pain, and therefore consider pain as part of the ageing process.
(17) Presence of cognitive impairment has also been associated with reduced analgesic prescription in the elderly. (18) Another interesting finding of our study is that both the incidence of pain and analgesia-related side effects is different in patients with a different ASA physical status class. Patients with higher ASA class had less satisfactory pain control compared to those of ASA class 1-2. This might be explained by the fact that patients with higher ASA class > 2 have chronic systemic diseases associated with pain, or that they lead physicians to reduce analgesics doses to avoid possible complications (e.g. NSAIDs in patients with chronic kidney disease, or opioids in patients with chronic pulmonary diseases). This might also explain the lower incidence of side effects reported by these patients.
STUDY LIMITATIONS
Our study has some limitations. First of all, it is an observational study. Furthermore, we excluded from the data collection some settings (e.g. vascular surgery) that take great advantage of epidural analgesia but are prone to develop epidural haematoma because of preoperative antiplatelet therapy and intraoperative systemic heparinization. Another limitation is the lack of information regarding the postoperative course, in particular the length of hospital stay, the recovery of intestinal function and the rate of respiratory complications even if our hospital is known to perform well when comparing these outcomes with other centers worldwide. (15) Attention is now being directed toward the introduction of new approaches to perioperative care aimed at improving outcome and shortening recovery after surgery. Effective treatment of postoperative pain certainly contributes to achieving this goal, and, in addition to providing a direct benefit to the patient, it could also be profitable for the health care system. Cost-effectiveness analysis, in fact, must consider both direct costs associated with analgesic drugs, devices, nursing and physician time, length of stay in the intensive care unit or surgical ward, and postoperative morbidity, and the indirect costs of improved analgesia and patient satisfaction. In our study, these aspects have not been taken into account but are important to ensure better use of hospital resources and improve the quality of care. Furthermore, adjusted p-value for multiple comparison tests was not taken into account.
The strengths of this study are that it has a very low incidence of severe analgesiarelated complications and that it includes a very large number of patients.
CONCLUSIONS
Our large study demonstrates that an APS, with daily postoperative visits, is effective in providing adequate post-operative pain control without serious adverse events. Compared with PCA with morphine, epidural analgesia was associated with a lower incidence of postoperative nausea and vomiting with a similar effectiveness in pain control. 
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